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Description 



[INTEGRATED CIRCUIT DESIGN FOR 
SIGNAL INTEGRITY, AVOIDING WELL 
PROXIMITY EFFECTS] 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates generally to integrated cir- 
cuit design, and more particularly, relates to a system, 
method and program product for designing an IC for sig- 
nal integrity due to well proximity effects. 

[0003] Related Art 

[0004] | n very large scale integrated (VLSI) circuit design, the 
proximity of a transistor's source or drain diffusion to a 
well edge affects its threshold voltage. Transistors de- 
signed in the same technology, even on the same inte- 
grated circuit (IC), will have different threshold voltages 
(Vt) depending on their active area's proximity to an im- 
planted well edge. For example, FIG. 1 illustrates conven- 



tional complementary metal oxide semiconductor (CMOS) 
p-type field effect transistors (FET) 10 including a first 
device 12, a second device 14 and a third device 16. De- 
vices 12, 14, 16 are located over an n-type well 20 that is 
positioned within a p-type substrate 22. An area 24 is 
considered an active area. Each device 12, 14, 16 is 
formed by the intersection of the gate polysilicon and ac- 
tive area 24. A distance Dl between a device edge 30 of 
first device 12 and an edge 32 of n-well 20 is sufficiently 
large enough to ensure that the threshold voltage Vt of 
first device 12 is as predicted by a device model. However, 
distance D2 between a device edge 34 of third device 16 
and an edge 36 of n-well 20 is close enough so that third 
device 16 will have a threshold voltage Vt shift relative to 
a predicted device model. 
[0005] Devices with a lower threshold voltage (Vt) have a greater 
sensitivity to electrical noise compared to more robust 
transistors. Depending on the expected sources of electri- 
cal noise and the required robustness of the IC design, it 
may or may not be desirable to place all transistors far 
enough away from a well edge to eliminate the effect. For 
example, in dense designs where circuits are robust and 
insensitive to noise, the well edge can be as close as al- 



lowed by the technology's design rules. In contrast, in 
noise sensitive designs, circuits that functionally fail due 
to noise can be modified if the devices are moved away 
from the well edge. 

[0006] The conventional approach to testing signal integrity or 
signal noise analysis is to use computer-based tools to 
address those issues only. When one of these tools indi- 
cates a signal integrity failure, a designer must review the 
output from the tool and manually change his/her design 
to attempt to correct the failure, e.g., guess at which de- 
vice caused the failure and move an edge of that device 
away from a well edge. Subsequently, the designer must 
re-execute the signal integrity analysis to determine 
whether the change corrected the failure. If the change 
did not fix the failure, the process is repeated. Therefore, 
this approach is time consuming and resource intensive. 

[0007] | n V j ew of the foregoing, there is a need in the art for an 
IC design method, system and program product that does 
not suffer from the problems of the related art. 
Summary of Invention 

[0008] The invention includes a method, system and program 
product for designing an integrated circuit (IC) for signal 
integrity. The invention conducts a signal integrity analy- 



sis on an IC design; identifies any field effect transistor 
(FET) that causes a signal integrity failure in the case that 
the IC design fails the signal integrity analysis; and modi- 
fies an edge of a failing FET that is closer than a threshold 
distance to a well edge. The invention eliminates the 
manual, iterative procedure for determining the device 
causing a signal integrity failure due to well proximity ef- 
fects. 

[0009] a first aspect of the invention is directed to a method of 
designing an integrated circuit (IC) for signal integrity, the 
method comprising the steps of: conducting a signal in- 
tegrity analysis on an IC design; identifying any field effect 
transistor (FET) that causes a signal integrity failure in the 
case that the IC design fails the signal integrity analysis; 
and modifying an edge of a failing FET that is closer than 
a threshold distance to a well edge. 

[0010] a second aspect of the invention is directed to a system 
for designing an integrated circuit (IC) for signal integrity, 
the method comprising the steps of: means for conduct- 
ing a signal integrity analysis on an IC design; means for 
identifying any field effect transistor (FET) that causes a 
signal integrity failure in the case that the IC design fails 
the signal integrity analysis; and means for modifying an 



edge of any failing FET that is closer than a threshold dis- 
tance to a well edge. 
[001 1] a third aspect of the invention is directed to a computer 
program product comprising a computer useable medium 
having computer readable program code embodied 
therein for designing an integrated circuit (IC) for signal 
integrity, the program product comprising: program code 
configured to conduct a signal integrity analysis on an IC 
design; program code configured to identify any field ef- 
fect transistor (FET) that causes a signal integrity failure in 
the case that the IC design fails the signal integrity analy- 
sis; and program code configured to modify an edge of 
any failing FET that is closer than a threshold distance to a 
well edge. 

[0012] The foregoing and other features of the invention will be 
apparent from the following more particular description of 
embodiments of the invention. 
Brief Description of Drawings 

[0013] The embodiments of this invention will be described in 

detail, with reference to the following figures, wherein like 
designations denote like elements, and wherein:FIG. 1 
shows a conventional CMOS pFET illustrating a device that 
is too close to a well edge. 



[0014] FIG. 2 shows a block diagram of a signal integrity IC de- 
sign system according to the invention. 

[0015] FIG. 3 shows a flow diagram illustrating operational 
methodology of the system of FIG. 2. 
Detailed Description 

[0016] with reference to the accompanying drawings, FIG. 2 is a 
block diagram of a signal integrity IC design system 100 
in accordance with the invention. Design system 100 in- 
cludes a memory 102, a processing unit (PU) 104, input/ 
output devices (I/O) 106 and a bus 108. A database 120 
may also be provided for storage of data relative to pro- 
cessing tasks. It should be recognized that even though 
system 100 will be described in terms of a separate sys- 
tem, the teachings of the invention are equally applicable 
where system 100 is part of a larger IC design system (not 
shown). 

[0017] Memory 102 includes a program product 122 that, when 
executed by PU 104, comprises various functional capa- 
bilities described in further detail below. Memory 102 (and 
database 120) may comprise any known type of data stor- 
age system and/or transmission media, including mag- 
netic media, optical media, random access memory (RAM), 
read only memory (ROM), a data object, etc. Moreover, 



memory 102 (and database 120) may reside at a single 
physical location comprising one or more types of data 
storage, or be distributed across a plurality of physical 
systems. PU 104 may likewise comprise a single process- 
ing unit, or a plurality of processing units distributed 
across one or more locations. I/O 106 may comprise any 
known type of input/output device including a network 
system, modem, keyboard, mouse, scanner, voice recog- 
nition system, CRT, printer, disc drives, etc. Additional 
components, such as cache memory, communication sys- 
tems, system software, etc., may also be incorporated into 
system 100. 

[0018] As shown in FIG. 2, program product 122 may include a 

signal integrity analyzer 140, a design analyzer 144, a de- 
sign modifier 148, a reporter 150 and other system com- 
ponents 152. Other system components 152 may include 
any other function necessary for implementation of sys- 
tem 100 not explicitly described herein. 

[0019] Referring to FIG. 3, operational methodology of system 
100 will now be described. In a first preliminary step SI, 
an IC design 90 (FIG. 2) is generated including physical 
design data 92, schematic design data 94 and extracted 
data 96. IC design 90 may be generated by any now 



known or later developed computer aided schematic entry 
and physical design layout systems (not shown), which 
may include system 100 as described herein. 
[0020] | n a second step S2, a signal integrity (noise) analysis is 
conducted by signal integrity analyzer 140. Signal in- 
tegrity analyzer 140 may be part of any now known or 
later developed signal integrity tool for determining para- 
sitic resistances and capacitances from extracted data 96. 
In one embodiment, analyzer 144 may be part of any now 
known or later developed signal integrity tool, such as Ca- 
dence's® Pacific, Magma's®BlastNoise, Synopsys'® Prime- 
Time SI, capable of specifying elements that cause a fail- 
ure. In particular, the tool reads the extracted resistances 
and capacitances from a netlist, and analyzes the signal 
integrity (e.g., noise immunity) of the design, or more 
specifically, the ability of the design to function properly 
in the presence of noise. "Noise" is any voltage deviation 
from a normal, desired level. Noise can cause undesired 
changes in the state of the circuit, thereby possibly upset- 
ting a normal calculation, or changing desired output val- 
ues to something not desired. While signal integrity ana- 
lyzer 140 has been illustrated as part of system 100, the 
analyzer can be provided as a separate system that the 



rest of system 100 interfaces with using conventional 
communication protocols. As part of this step, signal in- 
tegrity analyzer 140 also determines whether the IC de- 
sign passes the signal integrity criteria. If YES, then the 
process ends. If NO, processing proceeds to step S3. 

[0021] At step S3, an identification of any field effect transistor 
(FET) that causes a signal integrity failure is made by de- 
sign analyzer 144. 

[0022] At step S4, an edge of a failing FET that is closer than a 
threshold distance to a well edge is modified automati- 
cally by design modifier 148. That is, the failing FET's 
threshold voltage Vt is made more robust. In one embodi- 
ment, modification includes moving the edge of a failing 
FET away from a respective well edge. However, other 
modifications may also be possible. The "threshold dis- 
tance" may be any distance at which the FET edge creates 
a well proximity effect with the well edge. A "well proxim- 
ity effect" may be any diminishing of signal integrity 
caused by a closeness of a FET edge to a well edge. Ac- 
cordingly, the threshold distance for a particular technol- 
ogy may be a distance to a well edge within which a de- 
vice's signal integrity is unacceptably diminished, e.g., too 
much noise is present. The threshold distance, accord- 



ingly, can be specified as a design rule that is user speci- 
fied and/or device dependent and/or technology specific. 

[0023] At step S5, the signal integrity analysis on the IC design is 
repeated by signal integrity analyzer 140 to determine 
whether the modification corrected the signal integrity 
failure. If the IC design fails the integrity analysis again 
(NO at step S5), then a determination as to whether all 
failing FET edges have been modified is made by design 
analyzer 144 at step S6. If the determination is NO at step 
S6, design modifier 148 modifies another failing FET at 
step S4. If the determination is YES at step S6, then re- 
porter 150 reports that the signal integrity failure cannot 
be corrected by modification of an edge of any failing FET, 
at step S7. That is, a noise failure cannot be resolved by 
making FETs more robust. 

[0024] |f the IC design passes the signal integrity analysis again 
(YES at step S5), then reporter 150 reports that the modi- 
fication is required to a physical IC design 92, at step S8, 
and outputs the IC design modification 98 (FIG. 2). That 
is, reporter 150 directs the designer to the offending 
FET(s) and instructs the designer to make the geometrical 
changes to the FET(s), which will make the FET(s) more ro- 
bust. 



[0025] | n the previous discussion, it will be understood that the 
method steps discussed are performed by a processor, 
such as PU 104 of system 100, executing instructions of 
program product 122 stored in memory. It is understood 
that the various devices, modules, mechanisms and sys- 
tems described herein may be realized in hardware, soft- 
ware, or a combination of hardware and software, and 
may be compartmentalized other than as shown. They 
may be implemented by any type of computer system or 
other apparatus adapted for carrying out the methods de- 
scribed herein. A typical combination of hardware and 
software could be a general-purpose computer system 
with a computer program that, when loaded and exe- 
cuted, controls the computer system such that it carries 
out the methods described herein. Alternatively, a specific 
use computer, containing specialized hardware for carry- 
ing out one or more of the functional tasks of the inven- 
tion could be utilized. The present invention can also be 
embedded in a computer program product, which com- 
prises all the features enabling the implementation of the 
methods and functions described herein, and which - 
when loaded in a computer system - is able to carry out 
these methods and functions. Computer program, soft- 



ware program, program, program product, or software, in 
the present context mean any expression, in any lan- 
guage, code or notation, of a set of instructions intended 
to cause a system having an information processing capa- 
bility to perform a particular function either directly or af- 
ter the following: (a) conversion to another language, code 
or notation; and/or (b) reproduction in a different material 
form. 

[0026] while this invention has been described in conjunction 
with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 



